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DIFFERENTIAL DARK-FIELD CONFOCAL
MICROSCOPIC MEASUREMENT
APPARATUS AND METHOD BASED ON
POLARIZED VECTOR LIGHT BEAM

TECHNICAL FIELD

The present disclosure belongs to the technical field of
optical precision measurement, and mainly relates to a
differential dark-field confocal microscopic measurement
apparatus and method based on a polarized vector light
beam. A hall wave plate and a vortex wave plate are
regulated to generate radially polarized light and azimuth-
ally polarized light respectively, and an acousto-optic modu-
lator 1s controlled to modulate light beams into a pulse
sequence, so that the radially polarized i1llumination and the
azimuthally polarized illumination alternately illuminate
during the same period, both of which have a time occupa-
tion ratio of 50%, separately. Difference values of scattering,
signals under separate 1llumination of the radially polarized
light and the azimuthally polarized light are analyzed, and
super-resolution detection imaging can be performed on the
three-dimensional distribution information of defects such
as subsurface scratches, abrasion, subsurface cracks, and

bubbles.

BACKGROUND

High-performance optical elements and optical materials
are widely used in precision instrument manufacturing and
significant optical engineering research, and are the foun-
dation of the performance of an optical system. Therefore,
they play an important role in high-resolution precision
detection of defects 1n mechanical structures, chemical com-
position and lattice structures on surfaces and subsurfaces of
the optical elements and optical materials. Phase defects of
an optical element can cause incident light beams locally
form a focused light field, so that the optical element 1is

locally overheated, suflers irreversible damage.

Enjoyving such advantages as good optical tomography
capability, relatively high imaging resolution, and relatively
high 1maging contrast caused by a dark background, the
dark-field confocal microscopic measurement technology
has become an important means for nondestructive three-
dimensional detection of the optical elements. Ordinary
optical dark-field confocal microscopic measurement tech-
nology can only detect geometrical defects 1n a sample, such
as scratches, and bubbles, but it has insufficient 1maging
resolution, making 1t diflicult to realize effective detection of
defects with sizes below 250 nm.

In order to characterize defect characteristics of the opti-
cal elements and materials more comprehensively, and to
realize detection more accurately, the present disclosure
provides a diferential dark-field confocal microscopic mea-
surement apparatus and method based on a polarized vector
light beam, which adopt vortex scattering dichroism spec-
trum analysis to obtain chirality information of a micro-nano
structure while utilizing dark-field confocal under the 1llu-
mination of the polarized vector light beam, and also make
use of difference values of scattering signals under separate
illumination of the radially polarized light and the azimuth-
ally polarized light, so that lateral resolution 1s 1improved,
providing a means for high-resolution detection of surface
and subsurface defects.

SUMMARY

A brief overview of the present disclosure 1s given below
in order to provide a basic understanding of some aspects of
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2

the present disclosure. It should be understood that such
overview 1s not an exhaustive overview of the present
disclosure. It 1s not mtended to i1dentity key or important
parts of the present disclosure, nor to limit the scope of the
present disclosure. Its purpose 1s merely to present some
concepts 1n a simplified form as a prelude to a more detailed
description to be discussed later.

The present disclosure provides a differential dark-field
confocal microscopic measurement apparatus and method
based on a polarized vector light beam. Compared with the
prior art, the apparatus and method solve the bottlenecks low
imaging resolution and 1nability to achieve eflective detec-
tion of small defects by the ordinary dark-field confocal
technology, so that the imaging resolution 1s improved to
some extent.

In order to achieve the above objective, the present
disclosure adopts the following technical solution:

the present disclosure provides a diflerential dark-field

confocal microscopic measurement apparatus based on
vector polarized light beam 1llumination, and the appa-
ratus includes a vector polarized i1llumination genera-
tion module, a light beam scanning 1llumination mod-
ule and a differential dark-field confocal 1maging
module;

the vector polarized illumination generation module

includes the following components 1n sequence accord-
ing to a direction of light propagation: a laser and a first
non-polarizing beam splitter, where the first non-polar-
1zing beam splitter divides a laser propagation path into
two paths, the first path mnvolves the following com-
ponents in sequence according to a direction of light
propagation: a first acousto-optic modulator, a first
reflecting mirror, a first half-wave plate, a first vortex
wave plate and a second reflecting mirror and a second
non-polarizing beam splitter; the second path 1nvolves
the following components 1n sequence according to a
direction of light propagation: a second acousto-optic
modulator, a second halt-wave plate, a second vortex
wave plate and a second non-polarizing beam splitter;
and the second non-polarizing beam splitter combines
the first and second laser beams and propagates them to
the light beam scanning illumination module;

the light beam scanning 1llumination module includes the

following components 1 sequence according to a
direction of light propagation: a beam expander, an
aperture diaphragm, a third non-polarizing beam split-
ter, an objective lens and a sample to be detected, where
the third non-polarizing beam splitter divides the laser
light 1nto two paths, one path thereof i1s propagated to
the sample to be detected through the objective lens,
and the other path thereof 1s propagated to the difler-
ential dark-field confocal imaging module; and

the differential dark-field confocal 1maging module

includes the following components 1n sequence accord-
ing to a direction of light propagation: a third vortex
wave plate, a polarizing plate, a focusing lens, a single-
mode optical fiber, and a PMT detector.

Further, the laser emits linearly polarized laser, the lin-
carly polarized laser passes through the first non-polarizing
beam splitter, and 1s modulated by the first acousto-optic
modulator 1n the first half of each light field i1llumination
cycle, mm which case, the first acousto-optic modulator
allows light beams to pass through, the second acousto-optic
modulator prevents the light beams from passing through, so
that only radially polarnized light generated by the first
half-wave plate and the first vortex wave plate achieves the
illumination during the period, the first half-wave plate 1s
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regulated to make the polarization direction of the linearly
polarized light perpendicular to the O-level fast axis direc-
tion of the first vortex wave plate, and the radially polarized
light 1s emitted. The generated radially polarized lLight
achieves eflective illumination only in the first half of each
cycle;

Further, the laser emits linearly polarized laser, the lin-
carly polarized laser passes through the first non-polarizing
beam splitter, and 1s modulated by the second acousto-optic
modulator 1n the second half of each light field 1llumination
cycle, 1n which case, the second acousto-optic modulator
allows light beams to pass through, the first acousto-optic
modulator prevents the light beams from passing through, so
that only azimuthally polarized light generated by the sec-
ond half-wave plate and the second vortex wave plate
achieves the illumination during the period, the second
half-wave plate 1s regulated to make the polarization direc-
tion of the linearly polarized light parallel to the O-level fast
axis direction of the second vortex wave plate, and the
azimuthally polarized light 1s emitted. The generated azi-
muthally polarized light achueves effective 1llumination only
in the second half of each cycle.

Further, the emitting diameter 1s matched with an entrance
aperture of the objective lens by regulating the magnification
of the beam expander and the aperture size of the aperture
diaphragm.

Further, the sample signal light of the sample to be
detected 1s collected by the objective lens and passes
through the third non-polarizing beam splitter after being
returned through the original 1llumination light paths.

Further, the third vortex wave plate regulates emitting
light beams to be the linearly polarized light, reflected light
on the surface of the sample 1s removed through the polar-
1zing plate, and only scattered light carrying the information
of the sample to be detected 1s allowed to pass through the
focusing lens, and to enter the single-mode optical fiber and
the PMT detector for collection and detection.

Further, during the same cycle, the PMT detector collects
the scattering signals under the i1llumination of the radially
polarized light in the first half cycle, and collects the
scattering signals under the illumination of the azimuthally
polarized light in the second half cycle. Super-resolution
dark-field 1imaging results are obtained by identifying dii-
ference on the signals collected in each cycle.

The present disclosure provide a differential dark-field
confocal microscopic measurement method based on a
polarized vector light beam, and the method 1s implemented
by the differential dark-field confocal microscopic measure-
ment apparatus based on a polarized vector light beam,
including the following specific steps:

step a. emitting linearly polarized laser from the laser,
having the linearly polarized laser passed through the
first non-polarizing beam splitter, and modulated by the
first acousto-optic modulator 1n the first half of each
light field illumination cycle, in which case, the first
acousto-optic modulator allows light beams to pass
through, the second acousto-optic modulator prevents
the light beams from passing through, so that only
radially polarized light generated by the first half-wave
plate and the first vortex wave plate achieves the
illumination during the period, the first half-wave plate
1s regulated to make the polarization direction of the
linearly polarized light perpendicular to the 0-level fast
axis direction of the first vortex wave plate, and the
radially polarized light 1s emitted. The generated radi-
ally polarized light achieves effective 1llumination only
in the first half of each cycle;
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step b. emitting linearly polarnized laser from the laser,
having the linearly polanized laser passed through the
first non-polarizing beam splitter, and modulated by the
second acousto-optic modulator 1n the second half of
cach light field 1llumination cycle, 1n which case, the
second acousto-optic modulator allows light beams to
pass through, the first acousto-optic modulator prevents
the light beams from passing through, so that only
azimuthally polarized light generated by the second
half-wave plate and the second vortex wave plate
achieves the 1llumination during the period, the second
half-wave plate 1s regulated to make the polarization
direction of the linearly polarized light parallel to the
O-level fast axis direction of the second vortex wave
plate, and the azimuthally polarized light 1s ematted.
The generated azimuthally polarized light achieves
cllective illumination only in the first half of each
cycle;
step ¢. having the emitting diameter matched with the
entrance aperture of the objective lens by regulating the
magnification of the beam expander and the aperture
size of the aperture diaphragm:;
step d. having the polarized vector light passed through
the third non-polarizing beam splitter and being inci-
dent on the objective lens to form a focused light spot
on the sample to be detected, and realizing the beam
scanning of the sample to be detected by driving the
three-dimensional moving stage;
step €. having the sample signal light, after being returned
through the original 1llumination light paths, collected
by the objective lens and passed through the third
non-polarizing beam splitter, and having the sample
signal light regulated to be the linearly polarized light
through the third vortex wave plate;
step 1. realizing removal of reflected light on the surface
of the sample by controlling the polarization direction
of the polarizing plate, only allowing the scattered light
carrying the information of the sample to be detected to
pass through the focusing lens, and to enter the single-
mode optical fiber and the PMT detector for collection
and detection;
step g. during the same cycle, the PMT detector collects
the scattering signals under the illumination of the
radially polarized light in the first half cycle, and
collects the scattering signals under the 1llumination of
the azimuthally polarized light 1n the second half cycle;
and
step h. identifying differences on the scattering signals
recorded by the PMT detector under the 1llumination of
the radially polarized light and the azimuthally polar-
1zed light to obtain differential scattering signals.
Beneficial Eflects:
first, ordinary dark-field measurement of the sample can
be realized according to the scattering signals collected
'Jy single vector polarized illumination light, and dif-
ference values under separate i1llumination of the radi-
ally polarized signal light and the azimuthally polarized
signal light are analyzed, so that the lateral resolution
can be eflectively improved; and
second, the apparatus adopts the Gaussian beams emitted
by the laser to illuminate, which avoids the requirement
of the traditional dark-field confocal measurement that
the entrance aperture of an objective lens should be
greater than the mner diameter of annular light, and 1t
1s conducive to the use of the objective lens with a large
numerical aperture for high-resolution dark-field imag-
ing.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic structural diagram of a differential
dark-field confocal microscopic measurement apparatus
based on a polarized vector light beam provided in the
present disclosure.

In the accompanying drawings: 1—Ilaser; 2—{first non-
polarizing beam splitter; 3—irst acousto-optic modulator;
4—Afirst reflecting mirror; 5—first half-wave plate; 6—{irst
vortex wave plate; 7—second reflecting mirror; 8—second
acousto-optic modulator; 9—second half-wave plate;
10—second vortex wave plate; 11—second non-polarizing
beam splitter; 12—beam expander; 13—aperture dia-
phragm; 14—third non-polarizing beam splitter; 15—objec-
tive lens; 16—sample to be detected; 17—three-dimensional
moving stage; 18—third vortex wave plate; 19—polarizing
plate; 20—Tfocusing lens; 21—single-mode optical fiber; and
22— PMT detector.

DETAILED DESCRIPTIONS OF THE
EMBODIMENTS

Exemplary embodiments of the present disclosure will be
described below 1n conjunction with the accompanying
drawings. For the sake of clarity and conciseness, not all
teatures of the actual implement are described in the descrip-
tion. However, 1t should be understood that many imple-
mentation-specific decisions must be made in the process of
developing any such practical embodiment, so as to achieve
specific objectives of the developers, such as meeting those
restrictions associated with the system and the business, and
those restrictions vary with the implementation. It should be
also understood that although the development work is
likely to be very complex and time-consuming, such devel-
opment work 1s merely a routine task for those skilled 1n the
art benefiting from the disclosure of the present disclosure.

It should be further noted that, in order to avoid obscuring
the present disclosure due to unnecessary details, only the
structure and/or processing steps closely related to the
solution according to the present disclosure are shown in the
accompanying drawings, while other details that have little
to do with the present disclosure are omitted.

Embodiment 1: as shown 1in FIG. 1, the present embodi-
ment provide a diflerential dark-field confocal microscopic
measurement apparatus based on a polarized vector light
beam, which 1s configured for improving the resolution of
dark-field measurement.

The apparatus includes a vector polarized i1llumination
light generation module, a light beam scanning 1llumination
module and a differential dark-field confocal imaging mod-
ule:
the vector polarized illumination light generation module
includes the following components 1n sequence according to
a direction of light propagation: a laser 1, a {first non-
polarizing beam splitter 2, a first acousto-optic modulator 3,
a first reflecting mirror 4, a first half-wave plate S, a first
vortex wave plate 6 and a second reflecting mirror 7, a
second acousto-optic modulator 8, a second half-wave plate
9, a second vortex wave plate 10 and a second non-
polarizing beam splitter 11;

the laser 1 emits linearly polarized laser, the linearly
polarized laser passes through the first non-polarizing beam
splitter 2, and 1s modulated by the first acousto-optic modu-
lator 3 1n the first half of each light field 1llumination cycle,
in which case, the first acousto-optic modulator 3 allows
light beams to pass through, the second acousto-optic modu-
lator 8 prevents the light beams from passing through, so
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6

that only radially polarized light generated by the first
half-wave plate 5 and the first vortex wave plate 6 achieves
the 1llumination during the period, the first halt-wave plate
5 1s regulated to make a polarization direction of the linearly
polarized light perpendicular to a 0-level fast axis direction
of the first vortex wave plate 6, and the radially polarized
light 1s emitted. The generated radially polarized light
achieves eflective illumination only 1n the first half of each
cycle.

The laser 1 emits linearly polarized laser, the linearly
polarized laser passes through the first non-polarizing beam
splitter 2, and 1s modulated by the second acousto-optic
modulator 8 in the second half of each light field 1llumina-
tion cycle, 1n which case, the second acousto-optic modu-
lator 8 allows light beams to pass through, the first acousto-
optic modulator 3 prevents the light beams from passing
through, so that only azimuthally polarized light generated
by the second halt-wave plate 9 and the second vortex wave
plate 10 achieves the illumination during the period, the
second half-wave plate 9 1s regulated to make a polarization
direction of the linearly polarized light parallel to a 0-level
fast axis direction of the second vortex wave plate 10, and
the azimuthally polarized light 1s emitted. The generated
azimuthally polarized light achieves eflective 1llumination
only 1n the second half of each cycle.

The light beam scanning 1llumination module includes the
following components in sequence according to a direction
of light propagation: a beam expander 12, an aperture
diaphragm 13, a third non-polarizing beam splitter 14, an
objective lens 15 and a sample to be detected 16; and

an emitting diameter 1s matched with an entrance aperture
of the objective lens 15 by regulating a magnification of the
beam expander 12 and an aperture size ol the aperture
diaphragm 13, the polarized vector light after passing
through the third non-polarizing beam splitter 14 1s incident
on the objective lens 15, a focused light spot on the sample
to be detected 16 1s formed, and the beam scanning of the
sample to be detected 16 1s realized by driving the three-
dimensional moving stage 17.

The diflerential dark-field confocal 1maging module
includes the following components 1in sequence according to
a direction of light propagation: a third vortex wave plate 18,
a polarizing plate 19, a focusing lens 20, a single-mode
optical fiber 21, and a PMT detector 22; and

alter being collected by the objective lens and passing
through the third non-polarizing beam splitter 14 after being
returned through the original illumination light paths,
sample signal light emuits the linearly polarized light through
the third vortex wave plate 18, reflected light on the surface
of the sample 1s removed through the polarizing plate 19,
only scattered light carrying the information of the sample to
be detected 16 1s allowed to pass through the focusing lens
20, and to enter the single-mode optical fiber 21 and the
PMT detector 22 for collection and detection.

More specifically, the laser 1 emits the linearly polarized
laser, the linearly polarized laser passes through the first
non-polarizing beam splitter 2, and 1s modulated by the first
acousto-optic modulator 3, the first half-wave plate 5 1s
regulated to make the polarization direction of the linearly
polarized light perpendicular to the 0-level fast axis direc-
tion of the first vortex wave plate 6, and the radially
polarized light 1s emitted. The generated radially polarized
light achieves effective 1llumination only 1n the first half of
cach cycle.

More specifically, the laser 1 emits the linearly polarized
laser, the linearly polarized laser passes through the first
non-polarizing beam splitter 2, and i1s modulated by the
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second acousto-optic modulator 8, the second half-wave
plate 9 1s regulated to make the polarization direction of the
linearly polarized light parallel to the O-level fast axis
direction of the second vortex wave plate 10, and the
azimuthally polarized light 1s emitted. The generated azi-
muthally polarized light achieves effective 1llumination only
in the first half of each cycle.

More specifically, the emitting diameter 1s matched with
the entrance aperture of the objective lens 15 by regulating,
the magnification of the beam expander 12 and the aperture
s1ze of the aperture diaphragm 13.

More specifically, the reflected light from the sample to be
detected 16 1s collected by the objective lens 15 and passes
through the third non-polarizing beam splitter 14 after being,
returned through the original 1llumination light paths.

More specifically, the sample signal light emits the lin-
carly polarized light through the third vortex wave plate 18,
reflected light on the surface of the sample 1s removed
through the polarizing plate 19, and only scattered light

carrying the information of the sample to be detected 16 1s
allowed to pass through the focusing lens 20, and to enter the
single-mode optical fiber 21 and the PMT detector 22 for
collection and detection.
More specifically, during the same cycle, the PMT detec-
tor 22 collects the scattering signals under the 1llumination
of the radially polarized light 1n the first half cycle, and
collects the scattering signals under the illumination of the
azimuthally polarized light 1n the second half cycle. Super-
resolution dark-field imaging results are obtained by 1den-
tifying diflerence on the signals collected 1n each cycle.
Embodiment 2: the present embodiment provide a differ-
ential dark-field confocal microscopic measurement method
based on a polarized vector light beam, which 1s configured
for improving the resolution of dark-field measurement. The
method includes the following specific steps:
step a. emitting linearly polarized laser from the laser 1,
having the linearly polarized laser passed through the
first non-polarizing beam splitter 2 and modulated by
the first acousto-optic modulator 3, regulating the first
halt-wave plate § to make a polarization direction of
the linearly polarized light perpendicular to a 0-level
fast axis direction of the first vortex wave plate 6, and
emitting radially polarized light. The generated radially
polarized light achieves eflfective illumination only 1n
the first half of each cycle;
step b. emitting linearly polarized laser from the laser 1,
having the linearly polarized laser passed through the
first non-polarizing beam splitter 2 and modulated by
the second acousto-optic modulator 8, regulating the
second half-wave plate 9 to make a polarization direc-
tion of the linearly polarized light parallel to a 0-level
fast axis direction of the second vortex wave plate 10,
and emitting azimuthally polarized light. The generated
azimuthally polarized light achieves eflective 1llumi-
nation only 1n the first half of each cycle;
step ¢. having the emitting diameter matched with the
entrance aperture of the objective lens 15 by regulating
the magnification of the beam expander 12 and the
aperture size of the aperture diaphragm 13;

step d. having the polarized vector light passed through
the third non-polanzing beam splitter 14 and being
incident on the objective lens 135 to form a focused light
spot on the sample to be detected 16, and realizing the
beam scanming of the sample to be detected 16 by
driving the three-dimensional moving stage 17;

step €. having the sample signal light, after being returned

through the original 1llumination light paths, collected
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by the objective lens 15 and passed through the third
non-polarizing beam splitter 14, and having the sample
signal light regulated to be the linearly polarized light
through the third vortex wave plate 18;

step 1. realizing removal of reflected light on the surface
of the sample by controlling the polarization direction
of the polarizing plate 19, only allowing the scattered
light carrying the information of the sample to be
detected 16 to pass through the focusing lens 20, and to
enter the single-mode optical fiber 21 and the PMT
detector 22 for collection and detection;

step g. during the same cycle, the PMT detector 22

collects the scattering signals under the illumination of
the radially polarized light in the first half cycle, and
collects the scattering signals under the i1llumination of
the azimuthally polarized light 1n the second half cycle;
and

step h. identifying differences on the scattering signals

recorded by the PMT detector 22 under the 1llumination
of the radially polarized light and the azimuthally
polarized light to obtain differential scattering signals.

More specifically, the laser beams emitted by the laser 1
have a wavelength of 400 nm-620 nm.

Although the implementation disclosed in the present
disclosure 1s described as above, the contents thereof are
only the implementation adopted to facilitate the under-
standing of the technical solutions of the present disclosure,
and are not intended to limit the present disclosure. Those
skilled 1n the art to which the present disclosure belongs may
make any modifications and changes in the form and details
of the implementation without departing from the core
technical solution disclosed 1n the present disclosure, but the
scope of protection limited by the present disclosure shall

still be subject to the scope limited by the appended claims.

The mvention claimed 1s:

1. A differential dark-field confocal microscopic measure-
ment apparatus based on a polarized vector light beam,
comprising a vector polarized illumination light generation
module, a light beam scanning i1llumination module and a
differential dark-field confocal imaging module; the vector
polarized 1llumination light generation module comprises
the following components in sequence according to a direc-
tion of light propagation: a laser and a first non-polarizing
beam splitter, wherein the first non-polarizing beam splitter
divides a laser propagation path into a first path and a second
path, the first path involves the following components in
sequence according to a direction of light propagation: a first
acousto-optic modulator, a first reflecting mirror, a {first
half-wave plate, a first vortex wave plate and a second
reflecting mirror and a second non-polarizing beam splitter;
the second path involves the following components in
sequence according to a direction of light propagation: a
second acousto-optic modulator, a second half-wave plate, a
second vortex wave plate and a second non-polarizing beam
splitter; and the second non-polarizing beam splitter com-
bines the first and second laser beams, and propagates them
to the light beam scanning i1llumination module; the light
beam scanning i1llumination module comprises the following
components 1n sequence according to a direction of light
propagation: a beam expander, an aperture diaphragm, a
third non-polarizing beam splitter, an objective lens and a
sample to be detected, wherein the third non-polarizing
beam splitter divides the laser light into two paths, one path
thereol 1s propagated to the sample to be detected through
the objective lens, and the other path thereof i1s propagated
to the differential dark-field confocal 1 1mag1ng module; and

the differential dark-field confocal 1maging module com-
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prises the following components 1n sequence according to a
direction of light propagation: a third vortex wave plate, a
polarizing plate, a focusing lens, a single-mode optical fiber,
and a PMT detector.

2. The differential dark-field confocal microscopic mea-
surement apparatus based on a polarized vector light beam
according to claim 1, wherein the laser emits linearly
polarized laser, the linearly polarized laser passes through
the first non-polarizing beam splitter, and 1s modulated by
the first acousto-optic modulator in the first half of each light
field 1llumination cycle, 1n which case, the first acousto-optic
modulator allows light beams to pass through, the second
acousto-optic modulator prevents the light beams from
passing through, so that only radially polarized light gener-
ated by the first half-wave plate and the first vortex wave
plate achieves the illumination during the period.

3. The differential dark-field confocal microscopic mea-
surement apparatus based on a polarized vector light beam
according to claim 1, wherein the laser emits linearly
polarized laser, the linearly polarized laser passes through
the first non-polarizing beam splitter, and 1s modulated by
the second acousto-optic modulator 1n the second half of
cach light field 1llumination cycle, in which case, the second
acousto-optic modulator allows light beams to pass through,
the first acousto-optic modulator prevents the light beams
from passing through, so that only azimuthally polarized
light generated by the second half-wave plate and the second
vortex wave plate achieves the illumination during the
period.

4. The differential dark-field confocal microscopic mea-
surement apparatus based on a polarized vector light beam
according to claim 1, wherein the emitting diameter is
matched with an entrance aperture of the objective lens by
regulating the magnification of the beam expander and an
aperture size of the aperture diaphragm.

5. The differential dark-field confocal microscopic mea-
surement apparatus based on a polarized vector light beam
according to claim 1, wherein the sample signal light of the
sample to be detected 1s collected by the objective lens and
passes through the third non-polarizing beam splitter after
being returned through the original 1llumination light paths.

6. The differential dark-field contocal microscopic mea-
surement apparatus based on a polarized vector light beam
according to claim 1, wherein the sample signal light emaits
the linearly polarized light through the third vortex wave
plate, retlected light on the surface of the sample 1s removed
through the polarizing plate, and only scattered light carry-
ing the information of the sample to be detected 1s allowed
to pass through the focusing lens, and to enter the single-
mode optical fiber and the PMT detector for collection and
detection.

7. The differential dark-field confocal microscopic mea-
surement apparatus based on a polarized vector light beam
according to claam 1, wherein during the same cycle, the
PMT detector collects the scattering signals under the 1llu-
mination of the radially polarized light 1n the first half cycle,
and collects the scattering signals under the 1llumination of
the azimuthally polarized light in the second half cycle, and
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super-resolution dark-field imaging results are obtained by
identifying difference on the signals collected in each cycle.

8. A differential dark-field confocal microscopic measure-
ment method based on a polarized vector light beam, and the
method 1s implemented by the differential dark-field conio-
cal microscopic measurement apparatus based on a polar-
1zed vector light beam according to claim 1, comprising the
following specific follows: step a. emitting linearly polar-
1zed laser from the laser, having the linearly polarized laser
passed through the first non-polarizing beam splitter, and
modulated by the first acousto-optic modulator in the first
half of each light field 1llumination cycle, in which case, the
first acousto-optic modulator allows light beams to pass
through, the second acousto-optic modulator prevents the
light beams from passing through, so that only radially
polarized light generated by the first half-wave plate and the
first vortex wave plate achieves the illumination during the
period; step b. emitting linearly polarized laser from the
laser, having the linearly polarized laser passed through the
first non-polarizing beam splitter, and modulated by the
second acousto-optic modulator 1n the second half of each
light field illumination cycle, in which case, the second
acousto-optic modulator allows light beams to pass through,
the first acousto-optic modulator prevents the light beams
from passing through, so that only angularly polarized light
generated by the second half-wave plate and the second
vortex wave plate achieves the illumination during the
period; step c¢. having the emitting diameter matched with
the entrance aperture of the objective lens by regulating the
magnification of the beam expander and the aperture size of
the aperture diaphragm; step d. having the polarized vector
light passed through the third non-polarizing beam splitter
and being incident on the objective lens to form a focused
light spot on the sample to be detected, and realizing the
beam scanning of the sample to be detected by driving a
three-dimensional moving stage; step e. having the sample
signal light, after being returned through the original illu-
mination light paths, collected by the objective lens and
passed through the third non-polarizing beam splitter, and
having the sample signal light regulated to be the linearly
polarized light through the third vortex wave plate; step 1.
realizing removal of retflected light on the surface of the
sample by controlling the polanization direction of the
polarizing plate, only allowing the scattered light carrying
the information of the sample to be detected to pass through
the focusing lens, and to enter the single-mode optical fiber
and the PMT detector for collection and detection; step g.
during the same cycle, the PMT detector collects the scat-
tering signals under the illumination of the radially polarized
light 1n the first half cycle, and collects the scattering signals
under the 1llumination of the azimuthally polarized light in
the second half cycle; and step h. identifying differences on
the scattering signals recorded by the PMT detector under
the 1llumination of the radially polarized light and the
azimuthally polarized light to obtain differential scattering
signals.
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